Introduction
All extant crocodilians possess paired paraclo acal glands that open through ducts near the vent. These skin glands generally are thought to pro duce pheromones used to attract mates and/or mark nest sites (Weldon and Ferguson, 1993) . Analyses by gas chromatography/mass spectrome try (GC/MS) of the paracloacal gland secretions of alligators (Alligator spp.) and caimans (Paleosuchus spp.) indicate acetates and other esters (Weldon et al., 1988; Shafagati et al., 1989; Dunn et al., 1993) , free fatty acids (FFA ) and alcohols Dunn et al., 1993) , and hy drocarbons (Avery et al., 1993; Mattern et al., 1997) .
Sources of variation in the composition of para cloacal gland secretions have been suggested in several studies. Taxonomic variation was revealed by thin-layer chromatography of the secretion ex-tracts of 2 1 crocodilians, some of which displayed apparent species-or genus-unique profiles (Wel don and Tanner, 1991) . Sex differences were ob served by thin-layer chromatography and GC/MS of the secretions of the Chinese alligator (Alligator sinensis), only males of which possess a diterpene hydrocarbon and a diterpene ketone recently identified as 4,8,12-trimethyl-l-(l-methylethenyl)-3.6.11-cyclotetradecatriene (cembrene A) and 4.8.12-trimethyl-l-(l-methylethenyl)-3,7-cyclotetradecadien-10-one, respectively (Dunn et al., 1993; Mattern et al., 1997) .
Age-class differences in paracloacal gland prod ucts also have been observed. A GC/MS analysis of free-ranging A. mississippiensis revealed that adults possess esters consisting primarily of C I2-C18 acetates, while immature alligators possess bu tanoates, 3-methylbutanoates, hexanoates, and higher molecular weight, straight-chain esters (Weldon et al., 1988 ). An unidentified diterpene hydrocarbon with a molecular weight of 272 was detected in high concentrations in all samples of immature alligators, but not in those of adults (Shafagati, 1989) .
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We report the results of a further comparison of the paracloacal gland lipids of immature and adult A. mississippiensis. Our study confirms many of the age-class differences in secretion composition previously reported for this species, and it suggests further differences. In addition, we identify pre viously unreported compounds from the paraclo acal glands of A. mississippiensis, including the diterpene hydrocarbon present in immature alligators, which we identify as (E ,E )-l, 11,15-trimethyl-3-methylenehexadeca-l,6,10,14-tetraene (ß-springene).
Material and Method
Paracloacal gland secretions were obtained from captive-raised, immature and free-ranging, adult A. mississippiensis from Louisiana. Samples of im mature alligators (total lengths = 4 1 -9 1 cm) were obtained at the Rockefeller Wildlife Refuge in Grand Chenier, Louisiana, during late July from 13-month-old subjects hatched from eggs collected in Vermilion parish. Hatchlings were fed Burris 45% Alligator Food (Burris Pet Food, Franklinton, Louisiana), which contains fish meat, dried blood meal, corn gluten meal, hydrolyzed feather meal, and dehulled soybean meal. Samples of adults (total lengths = 1 .5 -3 .0 m) were obtained during early September from freshly hunted alli gators from Vermilion parish.
The secretions of (unsexed) immature alligators were collected by manually grasping the base of the tail and compressing the region around the cloacal orifice to compress both glands simulta neously. The light yellow fluids discharged from the everted gland duct openings were taken up into capillary tubes, which were then broken off into glass vials that were then sealed with polyethylene-lined caps. Samples were pooled in three vials, two of which contained secretions from nine individuals each; the third vial contained secre tions from 28 individuals.
The secretions of adult alligators were collected by manually palpating and compressing each gland and allowing the orange-yellow exudates to flow into glass vials placed near the gland duct openings. Samples were pooled in six vials containing the following numbers of males and females, respec tively: 0/4. 1/2, 2/2, 2/3, 3/1, and 4/0. Several millili ters of CH2 C12 were added to each vial before they were sealed with polyethylene-lined caps and placed on dry ice. The vials were stored at -1 0 °C.
The crude CH2 C12 extracts were divided into two portions. Diazomethane was added to one portion to form methyl ester derivatives of the FFA present. The other portion was shaken three times with a 10% solution of N aH C 03 to extract the FFA; the remaining secretions were then ana lyzed for possible native methyl esters.
Analyses were conducted on the following two capillary GC/MS systems: a 30 m x0.32 mm SPB-5 column (0.25 (im) connected to a Finnigan-MAT 4500B mass spectrometer, and a 60 m x 0.25 mm DB-1 column (0.25 jim) connected to a Finnigan INCOS X L mass spectrometer with a Data General NV3200 data system. Both spectrometers were operated in the electron impact mode at 70 eV using helium as a carrier gas; the temperature of each was programmed from 50 °C to 300 °C at 5 °C/min.
A diterpene hydrocarbon detected in immature alligators was further investigated by proton ( !H NM R) and carbon-13 nuclear magnetic resonance ( 13C NMR) spectroscopy. This compound was iso lated by evaporating CH2 C12 from each sample under a stream of N2. The bulk crude sample was dissolved in pentane and fractionated on a silicic acid ( 1 0 0 -2 0 0 mesh) column eluted with pentane. A mixture of ether/pentane (1:9, v/v) was then passed through the column to elute the more polar lipids. Pentane was removed from the first fraction under N2 and the residue was analyzed by GC/MS.
Part of the first fraction, which contained the unknown hydrocarbon, was dissolved in CDC13 and analyzed by 2D correlated spectroscopy (C O SY ) using a General Electric Q E 300 MHz spectrometer with tetramethylsilane as an internal standard. The data acquisition parameters were as follows: sample size, 120 mg; 512 data points per FID ; total acquisition time, 301.158 min; in crement for t t evolution, 3 |is; relaxation delay, 2 s; scan count, 64; acquisition point, 1024.
The other part of the first fraction was dissolved in pure anhydrous EtOH and then hydrogenated at 30 psi overnight using Pd/Al2 0 3 on alumina (5% ) as the catalyst. The reaction mixture was fil tered. the EtO H was removed by rotary evapora tion, and the product was analyzed by GC/MS.
Methyl 3,7,11-trimethyldodecanoate was syn thesized to compare it with the methyl ester deriv ative of 3,7,11-trimethyldodecanoic acid, a sus pected component of the secretions. This compound was synthesized by adding 0.5 ml of (£ ' ,£')-3,7,ll-trimethyldodeca-2,6,10-trienol (farnesol) to EtOH (15 ml) and hydrogenating the mixture with Pd/Al2 0 3 at room temperature and 30 psi pressure. The mixture was shaken overnight and then filtered. The EtOH was removed by ro tary evaporation. Analysis by GC/MS revealed that farnesol was completely reduced to the corre sponding alcohol, 3,7,11-trimethyldodecanol. This product (0.39 g) was dissolved in 12 ml of ether/ acetone (5:1, v/v). C r 0 3 (1 g) and H2 S 0 4 (1 ml) were added with continuous stirring for 1 2 h at room temperature. The mixture was filtered and dried over Na2 S 0 4. Diazomethane was added to a small portion of the product, which was analyzed by GC/MS.
Farnesyl 3-methylbutanoate was synthesized to compare it with a natural component of the secre tions. This compound was synthesized by adding a mixture of (E ,iT)-farnesol (2.03 g) and pyridine (0.71 g) to anhydrous ether (10 ml) in a three necked flask fitted with a reflux condenser with a CaCl2 tube attached and a dropping funnel. The mixture was cooled on ice and 3-methylbutanoyl chloride ( 1 . 2 0 g) was added dropwise through the dropping funnel. The ice bath was removed and the mixture was allowed to stand for 3 h. H20 (20 ml) was added to the mixture and it was allowed to stand overnight. The mixture was shaken sev eral times with H20 and then with N aH C 03. The ether layer was dried over Na2 S 0 4. The product (1.40 g) was purified by flash chromatography using petroleum ether/pentane (1:9, v/v) as the el uant, and then analyzed by GC/MS. The mass spectrum, which displayed an M+ ion at 306, was consistent with farnesyl 3-methylbutanoate.
To differentiate between farnesyl 3-methylbuta noate and its positional analogs, the retention times and mass spectra of farnesyl 2 -methylbutanoate and farnesyl pentanoate also were compared with the natural product. These compounds also were synthesized from the appropriate acid chlorides.
Results and Discussion
The results of our analysis of the paracloacal gland lipids of A. mississippiensis agree with those of a previous GC/MS analysis of this species by indicating an abundance of straight-chain esters (Weldon et al., 1988) (Table I) . Identification of the acetates is facilitated by the presence of CH3 C = 0 + and CH3 C 0 2 H2+ peaks in their mass spectra at m/z 43 and m/z 61, respectively. For ex ample, the acid portions of the C4, C5, and C6 es ters were characterized from the R C 0 2 H2+ ion fragments resulting in peaks at m/z 89, m/z 103, and m/z 117, respectively The peaks at m/z 71, m/ z 85, and m/z 99 are due to R C = 0 + ion fragments of the same esters. The alcohol portions of the es ters were characterized from the R -H + ion frag ments resulting in peaks at m/z 140 (C 10), m/z 168 (C 12), and m/z 196 (C !4), where R and R ' are cor responding alkyl groups of a saturated molecule.
The secretions of both immature and adult alli gators contain decyl, undecyl, dodecyl, tetradecyl, and hexadecyl acetates; dodecyl and hexadecyl acetates were indicated as major components in some samples. Most esters, however, were dif ferentially distributed between the age-classes. An array of C8 -C ) 8 3-methylbutanoates was ob served in all samples of immature alligators. These compounds, C 1 0 -C i 4 butanoates, and other low molecular weight esters eluted in order of increasing carbon-chain length of the alcohol function, but decreasing chain length of the acid function. For example, the C 1 2 -C 6, C 1 4 -C 4, and C i6 -C 2 compounds eluted respectively as sepa rate peaks. Higher molecular weight esters, in cluding C 1 2 -C 1 5 hexanoates, C 1 2 and C 1 4 octanoates, a C 12 decanoate, C 1 0 -C 1 4 dodecanoates, C io -C i6 tetradecanoates, C 12 and C 14 hexadecanoates, and a C 1 2 octadecanoate, were observed only in immature alligators in trace amounts; these esters also were reported in the secretions of free-ranging, immature alligators from Texas (Weldon et al., 1988) .
We observed decenyl, undecenyl, dodecenyl, tetradecenyl, pentadecyl, pentadecenyl, hexadecadienyl, heptadecenyl, and several C , 8 acetates in one or more samples of adults. Hexadecenyl ace tate and octadecenyl acetate were major compo nents in some samples. Weldon et al. (1988) also observed hexadecenyl acetate as a major compo nent of adult A. mississippiensis. We detected trace amounts of hexadecyl 3-methylbutanoate in one pooled sample of adults; this was the only 3-methylbutanoate observed in adults. Several farnesyl esters, the mass spectra of which display m/z values at 204, 161, 136, 121, and 69, were observed in the secretions of immature or adult alligators. Immature alligators possess farnesyl 3-methylbutanoate, with m/z values at 306 (M+) and 85 (Fig. 1) , and farnesyl hexanoate, with m/z values at 320 (M +), 117, and 99. Adult alliga tors possess farnesyl acetate, with m/z values at 264 (M+), 61, and 43. These compounds, which have not previously been reported in paracloacal gland secretions, were confirmed by comparisons of the GC retention times and mass spectra of syn thetic compounds, as shown for farnesyl 3-methyl butanoate (Fig. 2) .
As in Shafagati's (1989) 95 (12), 93 (30), 81 (32), 79 (15), 69 (100), 67 (15), 55 (12), 53 (8 ), 43 (4), and 41 (38) . These values agree with those reported for ß-springene (Fig. 3) , as originally characterized from the dorsal gland secretions of the springbok antelope (Antidorcas marsupialis, Mammalia) (Burger etal., 1978) and subsequently observed in the paracloacal gland secretions of the smooth-fronted caiman (Paleosuchtis trigonatus) (Avery et al., 1993) .
A C O SY analysis of the diterpene hydrocarbon displayed absorptions consistent with ß-springene; the 13C NMR spectrum exhibits values within 0.1 IB 19 20 Fig. 3 . The structural formula of ß-springene, with car bons numbered for reference to Table II. ppm of those reported for this isomer (Table II) . Moreover, the catalytic hydrogenation of the iso lated compound with Pd/Al2 0 3 yielded the reduc tion product expected for ß-springene, which is 2,6,10,14-tetramethylhexadecane (phytane), with a molecular weight of 282 (M +).
We observed trace amounts of two alcohols, dodecanol and tetradecanol, only in immature alliga tors. Both compounds were indicated by mass spectra displaying the following m/z values: 168 (M -18) +, 140, 125, 111, 97, 83, 69, 55, and 41 . The mass spectrum of tetradecanol also displays m/z values at 196 (M -18)+ and 168 (M-18-28)+. Weldon et al. (1988) did not observe alcohols in A. mississippiensis, but these compounds are documented in other alligatorids, including A. sinensis (Dunn et al., 1993) . The relative proportions of free alco- hols observed in the secretions of adult A. sinensis were similar to those of the alcoholic functions of the acetates present (Dunn et al., 1993) , thus these alcohols could be derived from these esters. We failed to observe free alcohols representing the full spectrum of compounds esterified to fatty acids in the secretions of A. mississippiensis. Nonetheless, the two alcohols we observe in immature alligators may be related to the numerous dodecyl and tetradecyl esters that occur as major or minor compo nents in this age-class. Weldon et al. (1988) reported only C 16 and C 1 8 FFA in samples of both immature and adult A. mississippiensis. We detected as methyl esters, among both immature and adult alligators, twelve FFA ranging in carbon-chain length from 7 to 18. Our ability to detect more FFA (primarily as trace components) than previously reported may be at tributed to our analysis of these compounds as methyl ester derivatives. The mass spectra of all esters of saturated aliphatic acids show a diagnos tic peak at m/z 74 (CH3 OCO H CH 2)+ due to McLafferty rearrangement. In addition, all FFA display their molecular ions (M +) and the ions at M-15 and M-31. We observed tetradecanoic and hexadecanoic acids in all samples of immature and adult alligators; the latter compound is a major component in immature alligators. Dodecanoic, octadecenoic, and octadecanoic acids were de tected only in immature alligators. Octadecadienoic acid and 3,7,11-trimethyldodecanoic acid were observed only in adult alligators; the latter compound was characterized by the mass spectrum of its methyl ester derivative which showed a M+ at 256, a rearrangement ion at m/z 74, and a fragment ion at m/z 69 (Fig. 4) . One mixed-sex sample of adults contained heptanoic, undecanoic, and undecenoic acids. Odd-carbon FFA also have been reported in A. sinensis (Dunn et al., 1993) and in caimans (Paleosuchus spp.) .
Our comparison of the paracloacal gland lipids of the different age-classes of A. mississippiensis entailed analyses of samples from captive-raised (immature) and free-ranging (adult) individuals. We acknowledge that the disparate rearing condi tions of secretion donors, especially their different diets, may have introduced uncontrolled variables confounding our results. Alligators of the two sizeclasses in our study also consume different prey 101 m/z Fig. 4 . Mass spectrum of methyl 3,7,11-trimethyldodecanoate, the methyl ester derivative of 3,7,11-trimethyldodecanoic acid. in nature; immature alligators subsist on aquatic invertebrates, while adults consume a variety of vertebrates (Elsey et al., 1992; Hayes, 1992) . None theless, the age-class differences we observe in the secretion composition of alligators from Louisiana are consistent with those reported by Weldon et al. (1988) and Shafagati (1989) for free-ranging alli gators from Texas. Thus, we believe that these dif ferences reflect ontogenetic changes in the lipid composition of the paracloacal gland secretions.
